Infection of interferon-treated L cells with VSV led frequently to the establishment of L cells persistently infected with VSV (Lvsv cells). These cells were characterized by the following properties; (I) no supplement of antiviral factors such as anti-VSV antiserum, interferon, was required for their maintenance; (2) virus antigens were detected in about 5 to 3o o/of the cells by immunofluorescence staining; (3) the cells were not only resistant to superinfection by homologous virus, but also resistant to challenge by heterologous viruses such as Mengo virus; (4) the cells were destroyed by co-cultivation with heterologous cells susceptible to VSV infection; (5) the cells could be cured by serial cultivation in medium containing antiviral antibody, and the cured cells were as susceptible to VSV as normal L cells.
INTRODUCTION
Virus carrier states in cell cultures have been described by many investigators using a variety of virus-cell systems and it has become obvious that there are considerable variations in the virus-cell relationships found in carrier systems in vitro, and a number of factors (virulence of virus strain, defective interfering [D1] particles, interferon, and susceptibility of cells to viruses, etc.) may be involved in the regulation of carrier states (reviewed by Walker, 1964; Preble & Youngner, 1975 )-Vesicular stomatitis virus (VSV) may also cause a persistent infection in various cells.
Wagner et. al (I963) showed that a small-plaque mutant of VSV could establish a carrier state in L cells, and suggested that the virus persistency might be due to an equilibrium between virus and interferon produced in cell cultures. Mudd et al. 0973) observed that wild-type VSV led to the establishment of persistent non-cytocidal infection in cultured cells of Drosophila melanogaster. Holland & Villarreal (I974) and Palma & Huang 0974) recently demonstrated that DI particles play an important role in the establishment and maintenance of persistent infection of VSV in BHKz I cells and Chinese hamster ovary cells. Thus, several mechanisms have been proposed independently to explain how carrier cultures of VSV infected cells are maintained.
Y. NISHIYAMA
We have recently reported that infection of mouse L cells with VSV led to extensive cell fusion, resulting in complete destruction (Nishiyama et al. I976a) . However, it was found that infection of interferon-treated L cells with wild-type VSV led frequently to the establishment of carrier cultures. In the present communication, we show that interferon, DI particles, and selection of small-plaque ts mutants may be simultaneously involved in the maintenance of virus persistence in L cells persistently infected with VSV. Furthermore, we deal with the effect of antiviral antibody, interferon and shift-up of incubation temperature on the carrier cultures.
METHODS
Cell cultures and media. Mouse L cells and BHK cells were used throughout this study. Mouse L cells, originally obtained from the Kitasato Institute, Tokyo, have been maintained in our laboratory for over 5 years. Cellswere grown in Eagle's MEM supplemented with Io %o calf serum, 5 ~ tryptose phosphate broth and antibiotics. The same medium, but with calf serum omitted, was used for maintenance of the cells and for virus growth.
Viruses. The New Jersey strain of VSV was used in all experiments. Some properties of the VSV-o clone used for the establishment of carrier cultures have been described previously (Nishiyama et aL I976a) . The VSV-I6 clone was obtained from the 16th subculture of L cells persistently infected with VSV, and propagated in BHK cells by inoculating at a low multiplicity (o.oox p.f.u./cell). Mengo virus was kindly supplied by Dr Ishizuka, Japan Roche Co. Ltd, and propagated in L cells. The Nagoya strain of haemagglutinating virus of Japan (HVJ) and the Miyadera strain of Newcastle disease virus (NDV) were grown in the allantoic sac of Io-day-old embryonated eggs.
Virus assay. Infectivity titrations of VSV were performed by plaque assay in monolayer cultures of L cells. A sample (o.2 ml) of the test material w as inoculated on to L cells in Petri dishes, incubated at 35 °C for I h, and the cultures were overlaid with I ~o agar in a medium consisting of 0"5 ~ lactalbumin hydrolysate and o-I ~ yeast extract in Earle's balanced salt solution (YLE). After 2 days incubation at 35 °C, cells were stained with neutral red and plaques were counted. Infectivity titres are expressed as p.f.u./ml. Infectivity titrations of Mengo virus were performed in tube cultures of L cells and titres were expressed as TCDs0/ml based on c.p.e. Before test materials were inoculated on tube cultures, VSV contained in the samples was neutralized by anti-VSV rabbit serum (final dilution ~:5o). IqVJ was assayed by haemagglutination titrations in plastic trays with 2"5 ~ chicken erythrocytes as described previously (Nagata et al. 2972) .
Immunofluoreseence staining. For immunofluorescence staining of intracellular VSV antigens, cells were grown on coverslips in bottles, air-dried, and fixed in acetone for 20 min at room temperature. The coverslips were covered with fluorescein-labelled rabbit anti-VSV antiserum, and incubated for 3o min at 37 °C. They were then washed three times, rinsed and mounted in buffered glycerol. Microscopy was carried out with an Olympus fluorescence microscope.
Preparation of interferon. Monolayer cultures of L cells were infected with NDV at a multiciplicity of about 50 p.f.u./cell. After a I h adsorption period at 35 °C, the virus inoculum was removed, the cells were washed three times with PBS, and maintenance medium was added. After 24 h of incubation at 35 °C, the culture fluid was collected. The virus was removed by centrifuging at 55ooo g for 6o min and by treating at pH 2-o overnight. Then the fluid was dialysed to neutrality against Hanks' solution and stored at -20 °C.
Assay of interferon. Specimens to be tested were clarified by centrifuging at 55ooo g for 6o min to remove cell debris and virus. The supernatant fluid was dialysed overnight at 
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pH 2.0, and re-dialysed to neutrality against Eagle's MEM. Interferon was assayed by the plaque reduction method in mouse L cells with VSV as the challenge virus. Samples (3"o ml) of each specimen were placed on L cell culture in Petri dishes and, 24 h later, the culture fluids were aspirated. The cultures were then challenged with about Ioo p.f.u, of VSV. After I h of incubation at 35 °C, the cultures were overlaid with I ~/o agar in YLE. On day 2 of the virus challenge, the L cell monolayers were stained with neutral red and plaques were counted. Titres of interferon were expressed as the reciprocals of the dilutions causing 5o % plaque count reduction. In this assay method one interferon unit was equivalent to 2.6 NIH international standard units.
VSV antiserum. Anti-VSV antiserum was produced from rabbits by repeated intravenous injection of VSV grown in BHK cells. Sera were heated at 56 °C for 3o min prior to use. The neutralizing capacity of antiserum was determined by mixing about Ioo p.f.n, of VSV with serial dilutions of antiserum and inoculating on L cells. The serum titre was expressed as the dilution causing 8o ~ plaque reduction: the neutralizing titre of the serum used here was 8o ooo.
Estimation of fusion as % polykaryocytosis. Estimation of fusion as ~ polykaryocytosis was performed as described previously (Nishiyama et al. I976a) . were infected with VSV-o at a multiplicity of approx. 65 p.f.u.]cell. After a I h adsorption period at 35 °C, monolayers were washed twice with PBS and maintenance medium was added. At various intervals after infection cell cultures were stained with May-GrtinwaldGiemsa and the extent of cell fusion was estimated. As shown in Fig. l , in untreated cultures, marked cell fusion developed about 4 to I2 h p.i. whereas cell fusion was completely suppressed in cultures treated with 16o units of interferon. It was shown that the grade of suppression of polykaryocytosis was dependent on the titres of interferon.
RESULTS

Establishment of L cells persistently infected with VSV Infection of interferon-treated L cells with VSV-o
The fate of VSV-infected interferon-treated L cells
Monolayer cultures of L cells (I.6 × Io 7 cells) in 150 ml culture bottles were treated with 400 units of interferon for 24 h at 35 °C and then infected with VSV-o at a multiplicity of approx. 60 p.f.u./cell. The cultures were incubated for I h at 35 °C and washed with PBS. The unadsorbed virus was neutralized by adding I ml of anti-VSV rabbit serum diluted I:IO. After washing three times with PBS to remove antiserum, 12 ml of maintenance medium was added. The cultures showed no c.p.e, at 24 h p.i., and attempts were made to subculture these VSV-infected interferon-treated L cells. Fig. 2 illustrates the results of one such experiment. The cells were subcultured at 35 °C with a split ratio of 1:3. In most experiments, if the cells were passageo every three days, c.p.e, appeared in the third-passage cultures, and cells were completely destroyed. However, it was often observed that more than 5o 70 of cells survived in medium containing a considerable amount of virus. These cells cultured for prolonged periods showed little c.p.e, even in the presence of Io 5 to Io 6 p.f.u./ml of VSV, and could be passaged successfully. Up to the present time forty-five subcultures have been made over a period of seven months. Infectious virus was always present in these cultures.
On the other hand, if the virus-infected interferon-treated L cells were subcultured in medium containing anti-VSV antiserum (final dilution I:5o), cells showed no c.p.e, and even if the anti-VSV antiserum was omitted from culture medium at the 6th day, the cells showed the same appearance and susceptibility to VSV as normal L cells (Fig. 2b) . The results suggest that VSV which entered the interferon-treated L cells were inactivated completely within 7 days when these cells were infected at a multiplicity of approx. 6o p.f.u./cell.
Properties of L cells persistently infected with VSV General properties
Persistently infected cells which had been subcultured more than ten times were stable and easily passaged if monolayers were subcultured with a split ratio of I : 3 every 5 days at 35 °C. on the 2rid or 3rd day after cell transfer, cells formed confluent monolayers and multinucleated giant cells containing 3 to 7 nuclei were observed frequently. On the 5th day, multinucleated giant cells disappeared and focal cell-aggregations were observed. In contrast, when monolayers were subcultured every 3 days continuously with a split ratio of t :3, c.p.e. developed gradually and the cultures could not be passaged.
Observations by immunofluoreseent antibody staining
Experiments were made to determine what fraction of the cell population was infected under the condition in which the carrier state was most stable. Confluent monolayers of Lvsv cells were dispersed by EDTA treatment and pipetting, and transferred to culture tubes containing a coverslip. A coverslip was picked up and stained every day after cell transfer and the presence of virus antigen in the cells was tested by immunofluorescent antiboay staining. As shown in Fig. 3 and 4, 2o to 3o ~/o of the cells revealed VSV-specific fluorescent antigen at the 2nd or 3rd day after cell transfer. However, the incidence of antigen positive cells fell to less than Io ~ at the 5th day. The titre of released infectious virus was between Io ~ and ~o 5 p.f.u./ml and reached the highest level on the 3rd day after cell transfer.
The staining pattern of fluorescent antigen in Lvsv cells was different from that in primary infected L cells (m.o.i. = 65 p.f.u./cell), that is, intracellular virus immunofluorescence of Lvsv was characterized by coarse granular staining (Fig. 3) .
Superinfection with homologous virus
Monolayer cultures of Lvsv cells were superinfected with VSV-o at a low multiplicity (zoo p.f.u./culture = I.zx io -a p.f.u./cell). The cultures did not show any cytopathic changes caused by superinfection and could be successfully passaged. After superinfection with VSV-o at a high multiplicity (40 p.f.u.]cell), the yield of superinfecting VSV-o was reduced by over 99 70 compared with that in control L cells (Fig. 5) . Carrier cultures which were superinfected with VSV-o at a multiplicity of 40 p.f.u./cell showed about 70 ~ polykaryocytosis at IZ h p.i., and eventually were completely destroyed. These results indicated that the resistance of Lvsv cells to superinfection by homologous virus was dependent on the dose of challenge VSV-o and could be overcome by a high multiplicity of challenge virus even though the yield of virus was strongly suppressed. 
Influence of addition of normal BHK cells or L cells to Lvsv cultures
Attempts to detect interferon in Lvsv cultures
Resistance of Lvsv cells against heterologous viruses
The susceptibility of Lvsv carrier cultures to infection by heterologous viruses (HVJ, Mengo virus) was compared with that of normal L cells. As shown in Fig. 7 (a) , the HA yield of HVJ in Lvsv cells was reduced to less than one-eighth of that in normal L cells when about Io EIDs0/cell of HVJ was used for challenge. In the case of Mengo virus, carrier and control cultures in I5o ml bottles were each challenged with 200 TCDso/culture (Fig. 7b) . The Mengo virus failed to grow or produce c.p.e, in the Lvsv cells. On the other hand, the control L cells were completely destroyed in 2 days and the virus yield reached I o s'7 TCDs0/ml. These observations showed that Lvsv cultures were also resistant to infection by heterologous viruses. Therefore, it seemed possible that interferon was involved in the regulation of L ceils persistently infected with VSV. 
Detection of interferon
The culture medium of Lvsv cells was collected after confluent monolayers had been formed by incubation for 3 or 4 days at 35 °C. The fluid was centrifuged at 55ooog for 6o min to remove most of the virus and cell debris. The supernatant was dialysed overnight at pH 2.o to eliminate residual virus and re-dialysed to neutrality against Eagle's MEM. Usually small amounts of interferon (2 to 5 units) could be demonstrated in the medium thus obtained from Lvsv cells. This antiviral activity was characterized as one mediated by interferon, by its pH stability (stable at pH 2.0 overnight) and its lack of activity on heterologous cells (BHK cells). Holland & Villarreal (1974) reported that D1 particles could establish and maintain persistent non-cytocidal VSV infection in BHK2I cells and Palma & Huang (I974) showed cyclic production of VSV caused by DI particles in Chinese hamster ovary cells. With these studies in mind, attempts were made to determine whether DI particles might be responsible for maintaining Lwv cells.
The role of Dl particles in the maintenance of Lvsv cells
Monolayers of normal L cells (1.6 × lO 7 cells) in 15o ml culture bottles were infected with ml of undiluted or diluted culture medium isolated from the I4th or 3oth passage of Lwv cells. After adsorption for i h at 35 °C, the inoculum was removed, cells were washed twice with PBS and maintenance medium was added. The virus titre and c.p.e, were measured every day after infection. As shown in Table I , infection with undiluted culture medium of Lvsv cells caused less c.p.e, and virus growth than infection with diluted culture medium. These results suggest that the culture medium of Lvsv cells contains some auto-interfering particles. Therefore, analysis by centrifugation was also done. Six hundred ml of culture --I "4/2 + 90/5 + * The c.p.e, was graded from (-) to (5+), the latter signifying complete cell destruction. t Culture medium isolated from Lvsv cells (I ml) was used directly as the inoculum. Numbers denote dilutions of culture medium (x I: undiluted culture medium; x I00: a hundredfold dilution of culture medium).
:~ Undiluted culture medium isolated from Lvsv cells (1 ml) mixed with VSV-o (0.2 ml) or VSV-x6 (0"2 ml).
fluid isolated from Lvsv cells were freed of cell debris by centrifuging for 20 min at 3ooo rev/min, then centrifuged at 8oooog for 9o min at 4 °C. The pellet was suspended in I ml of PBS, layered on 27 ml of a Io to 45 % linear gradient of sucrose in PBS and centrifuged at 330oo g for 60 min. Two opalescent bands were observed, and the activity of autointerference against homologous virus was demonstrated in the upper band when tested for the ability to suppress c.p.e, or virus growth induced by VSV-o or VSV-I6 in L cells. On the other hand, the results of mixed infection (undiluted culture medium of Lvsv ceils plus VSV-o or VSV-I6) shown in Table I indicated that the amount of DI particles contained in unconcentrated culture medium of Lvs~ cells was not sufficient to interfere with the replication of VSV-o or VSV-I6. These results suggest that the roles of DI particles in the regulation of Lvsv cells are less important although DI particles are one of the factors involved in the regulation of these carrier cultures.
Selection of mutant6 during persistent infection
We noticed that virus isolated from Lvsv cultures produced small plaques, unlike VSV-o which initiated the persistent infection and gave large plaques (Fig. 8) . Many investigators also reported that other viruses re-isolated from various carrier cultures produced smaller plaques than parental viruses (Takemoto & Habel, 1959; Schw6bel & Ahl, I972; Kawai, Matsumoto & Tanabe, I975) . Furthermore, selection of temperature-sensitive mutants during persistent infection was reported in many virus-cell systems (Mudd et al. I973; Preble & Youngner, I973; Gould & Linton, I975; Kimura et al. I975) . These observations prompted us to investigate the relationship between the change of virus properties and the course of cell transfer after establishment of the carrier state. As shown in Table 2 percentage of large-plaque viruses (VSV-o) decreased and small-plaque viruses completely replaced the large-plaque viruses after I9 cell transfers. Infectivity titration of viruses in the culture medium of Lvsv cells was performed by plaque assay at both 35 ° and 38 °C. The results showed that ts mutants as well as small-plaque mutants were selected during persistent infection. Coupled experiments ruled out the possibility that selection of small-plaque ts mutants depended on the adaptation to L cells or incubation temperature. VSV-o was passaged in L cells twenty times at 35 °C by inoculating at a multiplicity of o.ooI to o'oo5 p.f.u./cell, and the results show that there was no selection of small-plaque or ts mutants under these conditions. These observations suggest that the mutants carried in Lvsv cultures were evolved in response to selective pressures within the carrier system.
Curing L cells persistently infected with VSV Effect of anti-VSV ant&erum on Lvsv cultures
Lv~v cells were subcultured every 3 days in medium (Eagle's MEM plus to ~o calf serum) containing anti-VSV rabbit serum (final dilution 1:5o). The results are shown in Fig. 9 (a) . The continuous presence of antiviral antiserum for I5 days led to Lvsv cells being cured. These cured cells could not be stained by fluorescent antibody and were as susceptible to VSV as normal L cells. Ifantiviral antiserum was omitted at the 6th or 9th day, the cultures could neither be cured nor become carriers and cell destruction occurred rapidly. These results provide evidence that viruses in the carrier cultures were mainly transmitted from cell to cell through the culture medium-and also showed that removal of virus from Lvsv cells required several days even when the cells were subcultured in medium containing considerably high levels of antiviral antiserum. 
Effect of exogenous interferon on Lv~v cultures
Lvsv cells were subcultured every 3 days in medium containing 400 units of interferon. As shown in Fig. 9(b) , it was I7 days before infectious virus could no longer be detected in the culture medium. However, when the cells were cultured without exogenous interferon 2I days after the start of the experiment, the carrier culture was not cured, and it took 3o days to be cured completely by exogenous interferon. Since VSV is highly sensitive to interferon when tested in L cells, it is noteworthy that Lvsv cells are much less sensitive to the action of exogenous interferon, even in its continued presence for prolonged periods of time. The results presented here seem to resemble the case of L cells persistently infected with tickborne encephalitis virus (Vilcek & Stancek, I963) or L cells persistently infected with NDV (Hallum, Thacore & Youngner, 1972 ) .
Effect of temperature shift-up (39 °C) on Lvsv cultures
In the preceding experiments we have shown that ts mutants were selected during persistent infection of L cells with VSV. Therefore, the effect of temperature shift-up on Lvsv cells was studied (Fig. 9c) . When the carrier cultures were subcultured every 3 days at 39 °C, infectious virus in the culture medium decreased rapidly and disappeared after 5 days. However, if the cultures were shifted down on the 5th day when virus was no longer detectable in the medium, the cultures developed extensive c.p.e, and the virus titre rose rapidly. It took I2 days for the carrier cultures to be cured completely by subcultivation at 39 °C. infection; (5) the carrier cultures could be cured by serial cultivation in medium containing antiviral antiserum and the cured cells were as susceptible to VSV as normal L cells. These results indicate that Lvsv cultures are ' carrier cultures', and not a ' steady state infection' (reviewed by Walker, 1964, I968) . The increase of resistance to superinfection by heterologous viruses suggested that interferon played a role in the maintenance of Lwv cultures and a small amount (2 to 5 units) of interferon could be demonstrated in the culture medium of Lvsv cells. Ingolt, Albin & Chudzio (r973) showed that a small amount (even undetectable in routine assays) of interferon in the medium was necessary for the maintenance of persistent infection of mouse L cells with Sindbis virus. Considering these observations, our results suggest that interferon may have a role in the maintenance of Lwv cultures. On the other hand, results of experiments described above suggest that DI particles of VSV may also be involved in the maintenance of Lvsv cultures. Thus, infection of L cells with undiluted culture medium from Lvsv cells caused less c.p.e, and virus growth than infection with diluted culture medium from Lvsv cells. Furthermore, DI particles could be detected from culture medium of Lvsv cells by analysis in a sucrose gradient. However, as shown in Fig. 6 , the carrier state of Lvsv cells was disrupted far more readily by the addition of heterologous cells than homologous cells. It was also shown that mixed infection with undiluted culture medium of Lvsv cells and VSV-o or VSV-I6 caused only a little interference. These results may suggest that the role of DI particles in the maintenance of Lvsv cells is not as important as that of interferon.
Many investigators have reported that viruses re-isolated from carrier cultures differ in biological properties (such as virulence, plaque size, and enzyme activity) from parental viruses used for the establishment of the persistent infection (Takemoto & Habel, i959; Thacore & Youngner, I969; Kimura et aL I975; Nishiyama et al. I976b ). Preble & Youngner (I975) summarized information suggesting that selection of ts mutants might be involved in either establishment or maintenance of persistent infections. In the present study, we have shown that small-plaque ts mutants were selected at an early stage of persistent infection, while selection of these mutants did not occur in 2o serial passages of parental virus (VSV-o) in normal L cells at 35 °C. These results suggest that selection of small-plaque ts mutants was peculiar to persistent infection and involved in the maintenance of the carrier state. However, we do not know what sort of selective pressures on virus evolution operate within Lvsv cultures. It seems that at least three factors (interferon, DI particles and selection of small-plaque ts mutants) take part in the maintenance of the Lvsv carrier system, although it is difficult to evaluate the relative importance of these factors.
In further studies, we tested the ettect of antiviral antiserum, interferon and temperature shift-up for the 'cure' of Lvsv cultures. We found that the continuous presence of a high concentration of exogenous interferon for a long period (30 days) was required to eliminate the persistent infection in the Lvsv system in spite of the high sensitivity of VSV to interferon action in primary infections. Similar observations in L cells persistently infected with tickborne encephalitis virus were reported by Vilcek & Stancek (I963) and by Hallum et al. (x972) with L cells persistently infected with Newcastle disease virus. It was also shown that temperature shift-up as well as antiviral antiserum was effective in curing the carrier state of Lvsv cells. Lwoff (1959) has reported the effect of temperature on the replication of viruses in cell cultures and on their pathogenic behaviour in experimental animals. It is also interesting to note that ts mutants were selected during persistent infection in many carrier systems. Many of these mutants could not multiply at 37 ° to 39 °C (reviewed by Preble & Youngner, ~975)-Our observations on the effects of antiviral antiserum, nterferon and temperature for curing the carrier state may provide some insight in the therapy of persistent or slow virus infection. I wish to thank Dr I. Nagata for his support and encouragement through the work, and Mrs E. Iwata, Miss T. Hattori and Mrs S. Yamaguchi for able technical assistance. I also thank the staffs of the Department of Microbiology, Germfree Life Research Institute of Nagoya University School of Medicine and the staffs of the Department of Virology, Cancer Research Institute of this University for their valuable advice on various aspects of this work.
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